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httcense.Abstract Virtual colonoscopy is one of the recent advances in the ﬁeld of CT post processing tech-
nique. It represents a type of 3D reconstruction technique which is capable of elaborating endo-
scopic endoluminal display of the colon without the use of real endoscope and hence it was
named virtual colonoscopy. The aim of work is to evaluate the role of virtual colonoscopy in colo-
nic polyps.
Subject and methods: Our study included 35 patients; 25 of them had positive colonic polyps. They
ranged in age from 22 to 79 years. All patients were subjected to virtual colonoscopy examination
and results were compared to conventional colonoscopy and documented by histopathology in all
cases.
Results: The results in our study showed that conventional colonoscopy is a little bit ahead in front
of virtual colonoscopy, yet the results are more or less comparable to each other.
 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Most colorectal cancers arise from benign adenomatous polyp
precursors; if these polyps can be detected at an early prema-
lignant stage and removed, mortality from colon cancer can
be signiﬁcantly reduced (1)..com (A. Osama).
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p://dx.doi.org/10.1016/j.ejrnm.2013Most early colorectal polyps are silent or asymptomatic (2).
This has two direct and serious consequences. The ﬁrst is that a
high proportion of patients (up to 30% in most literature ser-
ies), will present as emergencies. Such presentations with
obstruction and perforation are associated with a poorer prog-
nosis than cold cases. The second is that most patients present
when the tumor is at a relatively advanced stage. Since progno-
sis is directly related to the stage of presentation in this disease,
this inevitably results in poorer outcome than if the disease
presented at an earlier stage (3). Colorectal carcinoma is lar-
gely associated with adenomatous polyps larger than 1 cm in
diameter (4).gyptian Society of Radiology and Nuclear Medicine.
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general public think ﬁrst of sigmoidoscopy and colonoscopy
for colorectal polyp screening (5).
Although standard colonoscopy is a total colonic examina-
tion that allows lesion biopsy and excision, it fails to demon-
strate the entire colon in up to 5% of cases examined by an
experienced gastroenterologist and up to 20% of all adenomas
are missed out. Furthermore, it is invasive, time consuming
and expensive. Sedation is frequently needed, and there is a
risk of complications associated with diagnostic and therapeu-
tic colonoscopy, including perforation (1 in 1000), major hem-
orrhage (3 in 1000), and death (1 in 30,000) (6).
It is important to heighten awareness of the natural history
of colonic polyps, particularly in terms of identifying an
appropriate target size for detection in colorectal screening
programs. Small polyps (<10 mm) are often either hyperplasic
on histology or unlikely to progress to frank cancer in the pa-
tient lifetime and are therefore of little clinical signiﬁcance for
the average adult (7).
The development of a safe noninvasive reliable method has
an obvious appeal (8).
Virtual colonoscopy is a new procedure that fuses com-
puted tomography of the large bowel with advanced tech-
niques for rendering three dimensional images to produce
views of the colonic mucosa similar to those obtained during
‘‘real’’ colonoscopy. These technical developments have been
paralleled by changing attitudes toward luminal bowel imaging
with computed tomography (9).
2. Aim of work
To determine the utility, advantages and limitations of virtual
colonoscopy in initial detection and diagnosis of colonic pol-
yps in comparison to conventional colonoscopy.
3. Patients and methods
This study included 35 cases.10 normal subjects were examined
(after consent), in order to get familiar with the normal
appearance of the different methods (will be discussed later)
for interpreting virtual colonoscopy. 25 patients with suspected
colonic symptoms or known to have colonic polyps were sub-
jected to virtual colonoscopy examination.
All patients gave informed written consent and were exam-
ined during the period between June 2009 and October 2010.
The examinations were performed using Toshiba 320 detec-
tors CT medical system. Results were compared to conven-
tional colonoscopy and conﬁrmed by histopathological
results, in all cases.
I. Technique of examination.
 Bowel preparation.
 Fasting for 6 h.
 Laxative 24 h before the examination.
 Water cleansing enema at the night before the examination.
 Fecal tagging technique.
In 5 out of the 10 normal patients, the fecal tagging tech-
nique was used, in order to know about its beneﬁts. In these
cases 1litre of water mixed with 5 cm water soluble contrast
was to be drunk over 24 h before the study. Bowel distention.
Colonic insufﬂation is done through Foley’s catheter.
Colonic distension was judged through the axial 2D
images or the scanogram, with possible more insufﬂation
in before the prone position.
 Intravenous contrast only ﬁve patients were injected with
IV contrast in this study to further assess the associated
ﬁndings (will be discussed later).
 Scanning parameters.
The patients were examined using the Toshiba 320 detector
CT medical systems, Position of scanning Supine and prone,
Slice thickness 2.5 mm, Pitch factor 2:1 Milli ampere
200 mAs (increased to 300 in suspected extra luminal ﬁnding),
Kilo volt 120 to 150 kv, matrix 512 · 512, Range for scanning
time 20 s, Field of view Full Reconstruction interval 1.25 mm.
All patients were examined in cranio-caudal direction start-
ing from the level of the diaphragmatic cupola down to the
anus.
I. Data analysis
All the data acquired from the examination including the
scanograms supine and prone acquisitions were transferred
to a dedicated work station unit.
 Panning through the 2D images
Panning through the 2D images has many advantages;
 Gives a good idea about the colonic distention and allows
choosing which sequence (supine or prone) is preferable
for navigation.
 Evaluates the colonic preparation and identiﬁes areas con-
taining fecal residue. The fecal residue can be recognized
by two main criteria; usually containing air pockets, and
changing location in the supine and prone positions.
 Assess the texture, extra luminal extension and relation of
suspected lesions as well as additional side ﬁndings acciden-
tally discovered which may or may not be related to the
colonic pathology.
The images were examined in a window between the lung
and soft tissue level, to maximize the contrast between endolu-
minal gas and the surrounding soft tissue, and not to loose
subtle mural wall changes if pure lung window is used.
 Navigation or ﬂy through Technique
Volume analysis software is applied to the preselected
acquisition consuming only few seconds to start the process
of navigation.
At this step the screen layout has four equal windows; one
window displaying the virtual endoluminal images, another
window to control the navigation process and two other win-
dows displaying the axial coronal or sagittal planes of the same
navigated level. The virtual window can also show a small side
window displaying any of the orthogonal planes (reference
image).
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threshold is around 700 (can be changed in any step during
the examination). Also the angle of visualization can be ad-
justed, and the angle used is 120 to get wide perspective of
the lumen.
Different colors are available to assign the virtual images
giving more convening appearance through a simple choice
in the control panel.
 Virtual dissection software
This is another software available on the work station to
apply virtual colonoscopy.
In this software the screen layout has four equal windows
including
 One window displays the TTP (tissue transition projection)
image which creates impression of the barium enema.
 Two windows display the preselected acquisition in any of
the orthogonal planes.
 The fourth window is a control panel.
 Processing.
Any of the steps done during the data analysis as well as the
source images can be printed directly from the work station
either on laser ﬁlms or glossy papers.
4. Results
The study included 35 subjects. Ten normal; control group and
25 had colonic polyps. All patients were examined by multi-
slice CT scan and virtual colonoscopies were elaborated from
the helical C T raw data.
All subjects were subjected to conventional colonoscopy to
evaluate the ﬁndings of virtual colonoscopy and were con-
ﬁrmed by histopathological analysis in all cases.
Out of the 25 cases, the male patients were 15 and females
10.
The anatomical distribution of the 28 lesions at the differ-
ent colonic segments shows that sigmoid colon is the mostly af-
fected region.
The histopathological examination of the 28 colonic polyps
proved adenocarcinoma to be the most common type.
In the 2D images the patients were evaluated in the supine
views only and then in combined supine and prone views. The
results proved that combined views are must as in the supine
view only the obscuring fecal residue was 22 compared to
two in the combined views as well as the obscuring water lakes
were six in the supine view compared to one in the combined
views.
Many associated side ﬁndings were detected as seven cases
of hepatomegaly, two cases of splenomegaly, two cases of he-
patic metastases, one case of peritoneal lymphadenopathy, one
cases of cirrhotic liver and one case of ascites.
The polypoidal masses were classiﬁed according to their
size into three groups (<0.5 cm, 0.5–1.0 cm and >1.0 cm).
The results of the virtual colonoscopy were compared to con-
ventional colonoscopy. The pathologically proven lesions
<0.5 cm were eight lesions, the virtual colonoscopy detected
seven and conventional colonoscopy detected the eight cases.
In case of polyps measuring 0.5–1.0 cm, the virtual colonos-copy detected nine lesions out of 10 proved pathologically
while the conventional detected the 10 cases. In case of polyps
>1.0 cm the virtual colonoscopy detected 12 cases and the
conventional detected nine cases out of 10 proved
pathologically.
The sensitivity of the virtual colonoscopy was 87% in pol-
yps <0.5 cm, 90% in polyps 0.5–1.0 cm and 100% in polyps
>1.0 cm.
The sensitivity of the conventional colonoscopy was 100%
in polyps < 0.5 cm, 100% in polyps 0.5–1.0 cm and 90% in
polyps >1.0 cm.
5. Discussion
Colorectal cancer is a common disease in developed nations. It
ranks second in incidence to lung cancer in men and breast
cancer in women. In the USA and Europe, the combined inci-
dence rate of colorectal cancer is 300,000 per year and the com-
bined mortality rate is 200,000 per year (10).
In Egypt colorectal carcinoma is one of the most common
malignant neoplasms (11). It is considered to be the fourth
most common malignant neoplasm representing 6.1% of can-
cers in Egypt (after bladder, breast carcinoma and lymphoma
(12,13).
Colorectal cancer is mainly a disease of elder ages. Jarmillo
et al. (14,15) found that the incidence of colorectal cancer rises
sharply after the age of 40, and 90% of cases occur over the
age of 50. This has been agreed upon by Halligan et al. (13).
Similar results were found in our study, where 19 out of 25
patients were above the age of 40 (76%) and 15 out of the 25
patients were above the age of 50 (60%).
Most of the literature denotes that colorectal polyps are
more common in males than females (16) (Fig. 1). This was
conﬁrmed in our study that a predominant male affection
was encountered in 15 patients out of the 25 patients with
3:2 male to female ratio. This result matches with that of
Van Gelder et al. (16) study (see Fig. 2).
Wang et al. (17) in a study for colorectal neoplasia, found
that adenocarcinoma is the most prevalent histopathological
type of cancer colon accounting for 75% of cases, while for
its precursor the adenoma; tubular adenoma accounted for
85% of cases and tubulovillous adenoma for 15% of cases (Fig. 1 Male to female.
Fig. 4b Virtual endolumial image demonstrating the polypoid
lesion.
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Fig. 3 Histopathological types of 28 colonic lesions in 25 patients included in the study. From Fig. 4 we can conclude that
adenocarcinoma is the most commonly type of colonic polyps.
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Fig. 2 Anatomical distribution of 28 colonic lesions in 25 patients at different colonic segments. From Fig. 2 it is well shown that
sigmoid colon is the mostly affected region.
428 A. Osama et al.Fig. 3). No true villous adenoma is detected. In our study, sim-
ilar results were encountered; adenocarcinoma, accounted for
67.8% of cases, tubular adenoma accounted for 17.8% of
the whole number of cases and 71.4% of the whole number
of adenomas, while tubulovillous type was seen in 7.1% of
whole number of cases and 28.6% of adenomas. No villous
adenomas were detected (see Figs. 4 and 5a and b).
In Zirkinet et al. (18) the segmental location of the colorec-
tal polyp lesions was 23% in the rectum, 27% in the sigmoid
colon, 17% in the descending colon, 7% in the splenic ﬂexure,Fig. 4a A 62 year old male patient presented with bleeding per
rectum. Conventional colonoscopy revealed sigmoid colon polyp-
oid lesion. The biopsy was obtained revealing tubular adenoma.
Axial 2D image shows sigmoid polpoid mass lesion with no air
pocket.
Fig. 5a A , 48 year old male patient presented with bleeding per
rectum. Virtual colonoscopy revealed sigmoid colon polypoid
lesion.
Table 2 Demonstration of the side ﬁndings.
Associated ﬁndings No. of patients
Hepatic metastasis 2
Peritoneal deposits 1
Abdominal lymphadenopathy 1
Splenic focal lesion 1
Hepatomegaly 7
Splenomegaly 2
Cirrhotic liver 1
Ascites 1
Simple renal cyst 5
Small bowel lesion 1
Bilateral renal stones 1
Calciﬁed pleural thickening 1
Inﬁltration of the spleen and pancreatic tail 1
Fig. 5b Conventional colonoscopy image demonstrating the
polypoid lesion.
Table 1 Comparison between supine and combined supine
and prone techniques.
2D Image evaluation
criteria of evaluation
Supine only Supine
and prone
Total colonic distention 15 23
Obscuring fecal residue 22 2
Obscuring water lakes 6 1
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the ascending colon and 3% in the cecum (see Tables 1–3).
In our study, we got more prevalent sigmoid lesions
accounting for 46.4% of lesions while 10.7% were seen in
the rectum, 3.5% in the descending colon, 3.5% in the splenic
ﬂexure, 10.7% in the transverse colon, 3.5% in the hepatic ﬂex-
ure, 10.7 % in the ascending colon and 10.7% in the cecum.
Umetani et al. (19) reported that colonoscopic examination
is an effective method for surveillance of colonic lesions due to
its combined diagnostic and therapeutic effect. Nevertheless, it
is important to realize that there is an error rate inherent in
ﬂexible colonoscopy. This is due in part to the fact that the ce-
cum is not reached in a signiﬁcant proportion of colonoscopies
additionally; there are signiﬁcant endoscopic blind spots in the
colon, such as rectosigmoid junction, both splenic and hepatic
ﬂexures resulting in overlooked polyps as demonstrated on
double-contrast enema (20). Another drawback of conven-
tional colonoscopy is the evaluation of the colon proximal to
a stenotic lesion which is not an uncommon condition where
undetected proximal lesions would affect the therapeutic deci-
sion (21,22) (Table 4).
Also, one should not disregard the fact that ﬂexible endos-
copy has failed to reach one very important goal which is
acceptance among the general population, especially as a
screening method, or when clinical data are doubtful. This
would delay the diagnostic beneﬁts for conventional colonos-
copy carrying the risk of delayed diagnosis of the colonic neo-
plasm in advanced stages (23) (see Tables 5 and 6).
Virtual colonoscopy has developed as a convergence of the
extensive image data acquired with the advancing multislice
CT and computer graphic technology to permit evaluation of
the internal as well as external appearance of the colon, and
creating 3D reconstructed images producing endoscopic like
view without the use of an endoscope (24).
Comparison between virtual colonoscopy and conventional
colonoscopy as regards their results and sensitivity for colonic
lesion detection has been the goal for several studies in order to
assess the accuracy of virtual colonoscopy. In Macari et al.
(25), the results of virtual colonoscopy in the detection of pol-yps according to polyp size were compared and the results
were nearly comparable to our results.
Our study included 35 subjects. Virtual colonoscopy de-
tected all large polyps (>1 cm). Virtual colonoscopy also de-
tected two false positive polyps (>1 cm) which were not
found in conventional colonoscopy.
The main causes of false positive and negative results were
inadequate colonic distension with collapsed colonic segments
and improper preparation with residual fecal matter and water
lakes.
Comparative results between virtual and conventional
colonoscopy, for total number of lesions showed that conven-
tional colonoscopy is a little bit ahead in front of virtual colon-
oscopy, yet the results are more or less comparable to each
other.
Also in our study, a comparative study for the sensitivity of
polyp detection according to size was done between virtual
colonoscopy and conventional colonoscopy.
And so, we found that the results of virtual and conven-
tional colonoscopy are almost comparable, especially in
masses and the so called clinically signiﬁcant polyps (>1 cm).
Side ﬁndings are deﬁned as relevant extra colonic abdomi-
nal ﬁndings, discovered in the axial CT images. This point is
one of the advantages of virtual colonoscopy as compared to
conventional colonoscopy, which has no role in extra luminal
ﬁndings.
Michel et al. (26) in a study among 296 patients, 39 had side
ﬁndings (13.2%), varying in nature including aneurysmal dila-
tation of the aorta, vertebral changes, hemangiomas in the li-
ver and pancreatic pseudocysts, leiomyomas of the uterus,
mature teratomas in female patients and, in one case, a urothe-
lial cell carcinoma was detected.
Naidch et al. (27) in a study including 29 patients, with
emphasis on the liver, results included four hepatic deposits,
two hemangimata and ﬁve cysts.
In our study, we found the following side ﬁndings, hepatic
deposits in two patients, and peritoneal deposits and small bo-
wel coinciding lesion in one patient. We also found local exten-
sion of colonic tumor with inﬁltration of the spleen and
pancreatic tail in one patient. While in another patient abdom-
inal lymphadenopathy and splenic focal lesion were seen while
his colon was normal, and proved to be lymphoma, with no
colonic affection. We also found varying hepatomegaly in se-
ven patients, one patient with cirrhotic liver, splenomegaly
Table 4 Comparison between sensitivity of virtual and conventional colonoscopy in detection of lesions according to size.
Size of the lesion No. of polyps True no. of polyps Sensitivity
VC CC VC (%) CC (%)
<0.5 7 8 8 87 100
0.5–1 cm 9 10 10 90 100
>1 cm 12 9 10 100 90
Table 3 Correlation of results of virtual and conventional colonoscopy.
Modality polypoidal mass Virtual colonoscopy Conventional colonoscopy Total proven lesions
<0.5 cm in size 7 8 8
0.5–1 cm in size 9 10 10
>1 cm in size 12 9 10
Table 5 Our results of virtual colonoscopy in detection of polyps according to polyp size.
Sensitivity (%) Speciﬁcity (%) PPV (%) NPV (%)
Small polyps 87 100 100 95
Medium polyps 90 100 100 95
Large polyps 100 84 80 100
Table 6 Comparative study for the sensitivity of polyp
detection according to size was done between virtual colonos-
copy and conventional colonoscopy.
Virtual colonoscopy
sensitivity (%)
Conventional
colonoscopy sensitivity (%)
Small polyp 87 100
Medium polyp 90 100
Large polyp 100 90
430 A. Osama et al.and ascites, calciﬁed pleural thickening in one patient, bilateral
renal stones in one patient and simple renal cysts in ﬁve
patients.
In a comparative study between virtual and conventional
colonoscopy for the assessment of patient preference (236),
168 patients (71%) considered conventional colonoscopy as a
much more painful and embarrassing examination while they
judged virtual colonoscopy as a negligible and minor burden.
While only 45 patients (19%) found no big compliance differ-
ence between the virtual and conventional colonoscopy.
It was also found that in patients who complained discom-
fort during virtual colonoscopy; verbal reassurance was sufﬁ-
cient in almost all cases, and no sedatives or analgesics were
used during the study. On the other hand the injection of sed-
ative and/or analgesic drugs was necessary in 70 patients to
bear up the conventional colonoscopic examination (28).
In our study, only seven patients complained of minimal
discomfort through virtual colonoscopy and in all the seven
patients, verbal reassurance was quite enough to make them
complete the study.
On the other hand during conventional colonoscopy, 18 out
of the 25 patients complained of varying grades of pain andembarrassment and 10 out of them were injected with sedative
and/or analgesic drugs in order to complete the examination.
Finally we reach the conclusion that virtual colonoscopy as
a recently developed technique has its merits and drawbacks.
The main critics of virtual colonoscopy were:
 It cannot detect small polyps with enough certainty.
 Methodologically it cannot detect small ﬂat adenomas.
 It is incapable of obtaining information about the etiology
even when a small polyp is detected, and as a result, such
patients must undergo ﬂexible endoscopy with biopsy
anyway.
 It does not depict early inﬂammatory changes or allow rec-
ognition of small ulcerations, since the surface is artiﬁcial
and includes no information about the mucosa.
 It fails to provide information on movement or motility.
 Mucus and stool residues cannot be removed during the
examination.
 It goes hand in hand with ionizing radiation.
 It necessitates interpretation of large amount of data; thus
consuming lot of time and effort.
On the other hand, the supporters of virtual colonoscopy
reason the following points:-
 It can be implemented simply and reliably.
 It boasts high patient acceptance, since the complete exam-
ination lasts only a few minutes, the scanning procedure
alone may be done in one single breath hold.
 It is much less painful, since the mechanical manipulation is
limited.
 It requires no sedation, eliminating the associated risks.
 It bears no noteworthy risk of perforation (ﬂexible diagnos-
tic endoscopy: 1:1000–1:5000).
 It is cheaper than ﬂexible endoscopy in various western
countries.
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within, but also represents an opportunity to concurrently
conduct a complete abdominal assessment with the possibil-
ity of detecting side ﬁndings; if a colorectal carcinoma is
present, the staging can be accomplished simultaneously.
 It can accurately detect the exact site of the colonic lesion;
an advantage which is not easily achieved in conventional
colonoscopy.
 It is a high technology dependent examination and is
expected to be ameliorated by the nonstop concrete
improvements in the near future.
 Virtual colonoscopy has the advantage of assessment of the
colon proximal to occlusive stenotic lesions, which is not
available in several cases in conventional colonoscopy.
 The used low dose techniques in virtual colonoscopy decline
the hazards of ionizing radiation.
 With the advance of modern commercially available soft-
ware and medical systems and in experienced hands the
data analysis time is in the order of 10 min.
 The clinical signiﬁcance of small polyps is doubtful. Also
the gold standard, i.e. ﬂexible endoscopy, has a 27% margin
of error for polyps smaller than 5 mm (29). Furthermore
several centers are reporting excellent virtual colonoscopy
sensitivity for smaller polyps especially between 5 and
10 mm (29).
 Flat adenomas are very rare tumors and relatively more
prevalent in Japan. They are also difﬁcult to recognize in
ﬂexible endoscopy, and special techniques are necessary to
achieve an improvement (30).
Another important fact that should not be disregarded is
that ﬂexible endoscopy has failed to reach one very important
goal which is acceptance among the general population, espe-
cially as a screening method, or when the clinical picture is
doubtful.
Lastly, conventional colonoscopy is considered invasive
and requires sedation, with the attendant risks.
On the other hand ﬁberoptic ﬂexible endoscopy remains the
most important and currently the only possibility to histolog-
ically identify a colorectal carcinoma preoperatively. Further-
more, for many other non-malignant conditions, such as
inﬂammatory bowel diseases, Crohn’s disease and ulcerative
colitis, the ﬁnal diagnosis cannot be made without ﬂexible
endoscopy. The value of ﬂexible endoscopy is undiminished,
and currently there is absolutely no indication that its position
as a tool for medical diagnostic purposes can be questioned.
Virtual and conventional colonoscopy can only narrow
mindedly be viewed as competing methods.
In light of the immense threat posed by colorectal cancer
and the problems associated with its prevention and preopera-
tive patient evaluation, it is important to recognize how well
the two procedures can complement one another. Focusing
on the patient as the center, the strengths of the individual
methods should not be viewed separately, but together; thus
making less room for question and doubt and achieving more
improvement in patient care.
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